Abstract. It is a common sense that innovations are easy to be created at the boundaries of different disciplines. Howerver, how to lead the postgraduate students, particualrly those are pursuing their master degree, to realize their cross-disciplinary innovations in their initial research life is a heavy task for their supervisors. In this paper, an advanced technology, electrospraying, is exploited as an excellent example to teach the postgraduate students to carry out their innovation processes, where the innovations happen not only in itself, but also in the selections of raw materials and the functional applications of the final products. The multiple disciplines, including polymer science, bioengineering, pharmaceutics, and food science, can collect together to the electrospraying processes for creating something new by crossing boundaries, and for thinking across them. Combining with the usage of modern advanced nanotechnology, and starting from the functional applications of nanomaterials, a series of similar innovations can be conceived along the approach demonstrated here.
Background
A full grasp of an advanced technology, including the process, its application, advantages and disadvantages, and its mechanism, is very useful for teaching the postgraduate students. Advanced technology can act as a core for promoting discipline-crossing innovations, these innovations happen not only in itself, but also in the selections of raw materials and the functional applications of the final products [1] [2] [3] . All our mankind's activities with nature (both industrial and laboratory behaviors) can be divided into three steps, the selection of raw materials, the usage of advanced technology to prepare and characterize the materials, and finally the applications of resulted products in a wide variety of fields such as energy, environment, health and hygiene, food and crops, traffic and communication, tissue engineering and pharmaceutics (Fig. 1) . The key step is the application of advanced technology, which reflects the capability of our human kind in remaking nature. It is just based on this point, advanced technologies are always excellent materials for teaching in higher education [4, 5] , particularly for those postgraduate students who already have a relatively full grasp of the fundamental knowledge in their majors.
Electrospraying, one of the electrohydrodynamic atomization technologies, takes advantage of the electrostatic forces to disperse a liquid to create membrane or solid micro-/nano-particles [6] [7] [8] [9] [10] [11] [12] [13] . It is an advanced nanotechnology, a "top-down" process for creating membrane or solid particles. Its counterpart, heat spraying, has been broadly applied in many fields, which utilize mechanical forces to disperse the liquid and exploit heat energy to dry the liquid droplets into solid powders [14, 15] . Different with heat spraying, electrospraying, as one of the electrohydrodynamic atomization technologies (the others are electrospinning and e-jet printing), take advantage of the electrostatic forces to disperse a liquid to create membrane or solid micro-/nano-particles [16] [17] [18] [19] [20] [21] . The creation of electrosprayed microparticles needs to fulfil the typical three steps. Within each step, it is possible for the occurrence of cross-disciplinary innovations. Here for easy explanations of the concepts, quercetin was used as a model of the poorly water-soluble drugs, and the desired functional performance is the effective drug delivery of the electrosprayed medicated polymeric particles (Fig. 1) . 
Basic Concepts about Electrospraying and Its Applications in Drug Delivery
The implementation of electrospraying begins with an applied high voltage on a working fluid pumped out from an emitter (usually a metallic capillary). Ideally the fluid reaching the emitter tip forms a Taylor cone, which emits a liquid jet through its apex, and later followed by an atomization region with radially dispersed liquid droplets due to Coulomb repulsion [22] . Electrospraying has garnered attention in a wide variety of fields, including energy, chemical analysis, environment, and biomaterials. In pharmaceutics, it has been used to fabricate drug delivery systems including polymer microparticles, lipoplexes, and molecular self-assembled templates [23] . The sub-micrometer-sized drug particles created by electrospraying possess can enhance the dissolution rates of poorly water-soluble drugs, and thus can increase their bioavailability due to the increased surface area [24] . Based on the need of developing drug delivery systems for poorly water-soluble drug, a typical three step around electrospraying can be conceived as Fig. 2, i .e. The reasonable selection of the crude materials, the implementation of the electrospraying process under the optimized conditions, and the medical applications of electrosprayed microparticles.
Cross-disciplinary Innovations at the First Step
Discipline-crossing innovations can occur at the selections of raw materials that are subjected to the electrospraying processes for producing functional nanomaterials (Fig. 3 ). This step is the first step about that what types of raw materials will be subjected to the treatment using electrospraying. The combined usage of quercetin (as poorly water-soluble drug model, Fig. 3a ) and zein (particulate matrix, Fig. 3b ) reflects a corss-disciplinary innovation involving pharmaceutics, foods and crops, bioengineering, and chinese herbal medicine. Both zein and quercetin are extracted from the natural products. Their combined usage should represent a new direction of the involved subjects. Certainly, other materials including solvents, surfactants and buffer solution involve the fields of organic chemistry and chemical chemistry (Fig. 3c) , and certainly their selections in the preparations of working fluids contain potential cross-disciplinary innovations within the overlap of material science, chemistry and rheology. 
Cross-disciplinary Innovations at the Second Step
The second step is the preparation of composite particles from the co-dissolving solution consisting of zein and quercetin using electrospraying. On one hand, this advanced technology is developing mainly with the innovations on the spraying heads for a series of microstructures [25, 26] , which is still a cross-disciplinary issue involving electrohydrodynamic atomization, polymer science, rheology and so on. Some innovations also happened on the mode of particle collectors, which involve electric dynamics and mechanics. On the other hand, being a branch of the advanced electrohydrodynamic atomization for generating nanomaterials, electrospraying (Fig. 4a) , electrospinning ( Fig. 4a ) and e-jetting (Fig. 4c) are able to develop mutually [27, 28] . Meanwhile, these advanced technologies can be combined together for creating advanced nanomaterials with complicated structural characteristics, such as hybrid layer-by-layer nanomaterials with the electrosprayed nanoparticles embedded into the electrospun non-woven nanofiber mats. 
Cross-disciplinary Innovations at the Third Step
The third step is the characterization and application of the resulted products, which has been conceived initially at the beginning of material selections. Here, the start point of application is to develop a particulate drug delivery system for poorly water soluble drug. The improved functional performances of the quercetin-loaded zein microparticles demonstrate the effectiveness of the first and second step. Meanwhile, this usefulness itself comprises an innovation involving pharmaceutics, material science and engineering, biomaterials, and some chemical analysis science. Often in this step, new methods from analysis chemistry and physics are highly desired for characterizing the resulted products. For example, a method involving a cross-disciplinary innovation about the fast dissolution of electrosprayed nanoparticles is demonstrated in Fig. 5 . The combined usage of optical microscopy, scanning electron microscopy and transmission electron microscopy in Figs. 5a, 5b and 5c is able to fully disclose the outer morphology, the inner structure and the size of these particles. These experimental intruments belong to physical methods. The traditional pharmaceutical method about in vitro dissolution tests is exhibited as Fig. 5d and 5e, which is a comparison between the electrosprayed nanoparticles and raw quercetin powders. The electrosprayed nanoparticles can free all the loaded cargoes all at once to form a yellow solution as Fig. 5d . But the raw quercetin powders float on the surface of water, demonstrating its insoluble property and hydrophobicity as Fig. 5c . 
Summary
Based on the applications of an modern advanced nanotechnology -electrospraying, the present paper shows how to carry out cross-disciplinary innovations, which can be exploited as vivid teaching materials for postgraduate students in higher education. During all the three steps from the selections of raw materials to the preparation using electrospraying, and the the characterizations and applications of electrosprayed nanoparticles, the cross-disciplinary innovations can be realized during the practices. These innovations often involve a series of disciplines including polymer science, chemistry, physics and mechanics. In the present job, the electrosprayed nanoparticles are exploited to provide solutions for one of the most difficult problems in pharmaceutics -the dissolution of poorly water-soluble drugs. The reasonable selections of quercetin and zein, which are all extractions from natural products, make the cross-disciplinary innovations involve also subjects including biomaterials, bioengineering, pharmaceutics, and food science. Combining with the usage of modern advanced nanotechnology, and starting from the functional applications of nanomaterials, a series of similar innovations can be conceived for teaching the postgraduate students both on the class lessons and on the practical experiments.
